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chambers.
possible muon trigger schemes and for the to determination for the conventional drift
mounted on these muon chambers and also inside the absorber magnet. They are used to study
front, in the middle, and after the absorber magnet. Resistive Plate Chambers (RPCs) are
area muon drift chambers mainly for accurate muon momentum measurement are located in
Honeycomb Strip Chambers (HSCs) suited for muon detection in an LHC detector. Large
(TRACAL), 10 Aim deep, is installed inside the EHS magnet. The active detector planes are
incoming hadron or muon beam. A stainless steel / gas counter sampling calorimeter
operational in 1992. Scintillation counters and multiwire proportional chambers define the
the absorber magnet was powered in 1991. The EHS magnet, as was foreseen, will only be
switching off the EHS magnet, a toroidal spectrometer for possible experiments at LHC. Only
Tesla field. This set up can simulate a solenoidal detector with its retum yoke and, by
solenoid having a 3 Tesla field (the old EHS magnet), and an absorber magnet having a 1.5
The RD5 set up shown in Fig.1, consists of two magnets, a superconducting
2) THE RD5 DETECTOR AND ITS PERFORMANCE
chamber for LHC forward muon nigger applications.
chambers: the wall-less drift chamber for precision measurements and the parallel plate
In 1992 it is planned to test four large multilayer HSCs as well as new types of muon
in an LHC experiment in the barrel region where the flux should not exceed 100 Hz/cm
which, because of their very good time resolution, are good candidates as trigger hodoscopes
Finally we will report on the performance of the Resistive Plate Chambers (RPCs),
,., effecting the chamber precision will be discussed.
Chambers (HSCs) will be reported. Effects due to muon induced electromagnetic showers
Preliminary results on muon measurements inside iron using the Honeycomb Strip
presented for a trigger based on two muon stations before and after 1.8 m of magnetized iron.
First results on trigger efficiencies as a function of the muon momentum will be
after a first level trigger based on track measurements in two muon stations are in progress.
incident hadron momentum. Further studies to estimate the trigger rate due to punchthrough
Punchthrough probabilities have been obtained as a function of absorber depth and of
and hadrons were recorded and preliminary results are presented in this status report.
various types of large area muon chambers [1]. During the summer of 1991 data from muons
punchthrough measurements, trigger studies, muon momentum measurements, and tests of
The RD5 program covers several topics related to muon detection at LHC:
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silicon strip detectors (Fig. 2), was installed. The Silicon strip detectors were 500 um thick
spot at LHC, was done in RD5. For this purpose a beam telescope built out of 8 single sided
A precise measurement of the incoming beam, simulating the precision of the beam
The Silicon micmstrip detector
was the slowest part of the RD5 data acquisition system.
handshaking protocol. The slow readout of the system was a big disadvantage and in fact it
were gas leakage, dark current, dead areas, breakdown of R. M. H. modules and errors in the
The MWPC system is quite outdated and required a lot of attention to run. The main problems
convener (ECL—'[’1'L) was built to interface the R. M. H system to a standard VME I/O unit.
from the wires, intermediate storage of hit pattem and Zero Channel Suppression. A level
The system is built out of CAMAC style modules. They provide discrimination of the signals
The readout of the MWPCs is based on the R. M. H. system developed at CERN.
first 6 planes of the W2 were connected.
sent to the readout system. During the run the central pa.rt of the U1, the whole U3 and the
supplied by 5 kV, with the sense wires at ground level. The output signals were amplified and
%), isobuthane (23 %), freon (1%), and isopropyl alcohol (4 %). The cathode planes were
planes with wires spaced by 2 mm. All the chambers were run with a mixture of argon (72
with gaps of 8 mm. The W2 chamber with a useful area of 1.2 x 2.15 m2 contains 7 sense
coordinate planes with sense wires spaced by 2 mm. The cathode and sense planes altemate
The useful area of the U1 and U3 chambers is 26 x 36 cm2. They each have 5
NA36 experiment. The high voltage and gas system was rebuilt.
pattern recognition device.The chambers together with the readout sytem, were taken from the
define the incident beam. There is also another chamber W2 behind the TRACAL as additional
The multiwire proportional chambers, referred as U1 and U3 (see Fig. 1) are used to
also used passively for muon identification.
and written onto tape to reject beam halo events. The S7 scintillator wall (1 x 2.5 m2) was
and for background studies. The S2 and S3 counters, foreseen as veto, were used passively
triggers and computer generated triggers are made to test the system, to measure pedestals,
counter S6 (70 x 100 cm2) behind the calorimeter is also added to the coincidence. Random
adding S4 (4 x 4 cm!) to the coincidence. In order to select muons or punchthrough pions the
mainly with very high momentum hadron beams — the centre part of the beam is selected by
coincidence of S1 (10 x 15 cm2) and S5 (15 x 15 cm2). Whenever the rate is high enough
set up used 7 sets of scintillation counters marked S1 to S7. The beam is defined by a
(based on TRACAL or RPCs) are forseen for next year. As can be seen from Fig. 1 the 1991
The RD5 trigger is based mainly on scintillation counters, although other systems
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value of 1.05 by heat treatment.
were machined as well as the threated holes. The magnetic permeability was lowered to a
beam direction. The absorbers were obtained from industry. At CERN the reference planes
units were placed on a support structure which allowed the movement of TRACAL in the
feet which allow a tilt, needed for the compensation of the Lorentz angle [5]. Both TRACAL
removed while TRACAL was inside the EHS magnet. Each TRACAL unit sits on adjustable
steel absorber plates and planes of honeycomb su·ips. The chambers could be placed and
EHS magnet the detector consists of two separate units. Each unit is an assembly of stainless
Fig. 6 shows a perspective view of TRACAL. In order to facilitate installation in the
the shower profile of punchthrough events.
showers induced by high momentum muons. Finally TRACAL allows the detailed study of
it is important to know how the intrinsic resolution of the HSCs is affected by electromagnetic
allows the study of the performance of the HSCs as muon detectors inside an absorber, since
P,. muon contamination from the hadron beam for punchthrough measurements. In addition it
which can measure tracks accurately. The main purpose of the TRACAL is to separate the
experiment. It consists of steel plates interleaved with Honeycomb Strip Chambers (HSC)
The Tracking Calorimeter (TRACAL) simulates a calorimeter / absorber in an LHC
'lhcTRACAL
residuals. The distribution shown in Fig. 5 indicate an error of < 10 pm.
The accuracy of the track parameter determination can be estimated from the
the vertical direction.
from the data recorded with the 200 GeV/c muons is 98.1 % for the horizontal and 97.2 % for
about 100 tracks an alignment accuracy of < 5 ttm was achieved. The efficiency calculated
,. alignment correction for all detector planes with respect to the centre of the device. Using
cluster finding program. Then events containing one hit / detector plane were used to find the
the characteristics of the beam telescope. First the recorded raw data was preprocessed by a
The main aim of the analysis of the data collected from the silicon detector was to find
in a silicon strip tracker.
Double sided detectors were also tested in the beam for possible future development
detector is shown in Fig. 4. The FWHM of the pion beam is ~ 8 mm
the detector is 3 ADC channels, thus the signal to noise ratio is ~ 43. The hitmap of the
average pulse-height is 150 ADC channels and the most probable 130. The average noise of
The measured pulse-height spectrum of one of the detectors is shown in Fig. 3. The
readout.
of the strip detectors is 25.6 mm x 58 mm. NMOS multiplex chips [4] were used for the
this type of detector has been reported. There were 512 strips in each counter. The active area
with a 25 um strip pitch and a 50um readout pitch. Processing [2] and spatial resolution [3] of
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shower were rejected The efficiency of one chamber layer was established to be 85 % in good
7). Multitrack events, or events in which the muon track was associated to an electromagnetic
In order to study the chamber performance, "clean" muon events were used (see Fig.
at positive voltages between 1500 and 1800 V. The gas gain was between 1 and 2.5 105.
standard CERN mixing rack. No stabilisation of mixing ratio was applied. The wires were run
The chambers were flushed with a mixture of Ar and CO2 (80/20), obtained from a
obtained from the strip data, confirms the accuracy of the method.
measurements matches the spread in the strip width. The analysis of the spatial resolution,
pulseheights of many strips, using only one preamplifier/ADC channel. The spread in these
all the strip preamplifiers. The accuracy of the method was measured by scanning the
has the same amplitude all along the coaxial cable and as a result equal charges are injected into
precision. The coaxial cable was terminated at the end on 39 ohms, thus the calibration pulse
20 um (RMS), the capacitance between each strip and the coaxial cable is the same to a high
was put on the shield of the cable. Since the su·ip pitch and the strip width is accurate to about
foam The core of the cable was grounded, while the (positive) leading edge calibration pulse
coaxial cable was mounted throughout the entire cell. The cable was embedded in Rohacell
preamplifier/ADC channels. Instead of the thin anode wire, a rigid high-precision 50 ohm
One cell of each monolayer was used for the calibration of the gain of the
trigger unit which recognizes multiple tracks.
outputs of the discriminators were fed to time digitizers with a multihit capability, and to a
these preamplifiers to the discriminators; here we used spares from the L3 muon detector. The
frame. The preamplifiers were developed by the University of Nijmegen. Cables ran from
The wire electronics consisted of a preamplifier per wire, mounted in the chamber
preamplifier/shaper/ADC system [6] developed for the UA1 calorimeter upgrade was used.
high input capacitance preamplifiers mounted in the chamber frame. For this the existing
The central 48 strips (out of 196) of all layers were each equipped with low noise,
carried also the preamplifier cards.
were put in a mechanical frame and wires were strung in each hexagonal cell. The frame
together by means of double sided adhesive tape, using two vacuum jigs. Such monolayers
is folded such a way that the folds are perpendicular to the strips. Two ribbon foils are put
can be found in ref. [5]. The active part is made from a mylar foil with copper strips. The foil
The active area of the HSCs was 80 x 80 cm2. A detailed description of the chambers
thickness before station 1 is thus 10 interaction lengths.
was installed, simulating the electromagnetic calorimeter in an LHC experiment.The total
interaction lengths. In front of the TRACAL a lead brick wall of one interaction length (25 X0)
times l/2 an interaction length. The total absorption power of the TRACAL is thus about 9
between the chambers were filled with two plates of 40 mm thickness each, giving another 12
mm thickness were mounted, thus giving 12 times 1/4 interaction length. The next 12 gaps
were placed. Between the first 13 chambers in the front part, absorbers (80 x 100 cm2) of 40
The gaps between the absorbers were 22 mm; in this space "monolayer" chambers
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ratio of the gas and by the drift properties of the mixture used. The differences between
chamber. The resolution is limited by mechanical imperfections, by the accuracy of the mixing
ttm was obtained. It seems likely that 200 um can be reached with a more sophisticated
integrating the spectra. Using this relation and a simple algorithm a spatial resolution of 350
has a flat distribution, the relation between drift time and distance can be obtained by
typical monolayers (out of 25). Assuming that the distance between the track and the hit wires
Fig. 10 shows the drift time specu·um from the wires of 4
having a "bad width". The tails are reduced drastically.
magnetic field. Fig. 13 shows the "sandwich" residuals of Fig. 9 after dropping the events
volume in our set up is only 3 mm away from the steel absorbers, and that there is no
scatter away more energetic delta rays. It should be noted, however, that the sensitive chamber
sensitive planes and absorbers between planes to decorrelate soft delta ray production and
at muon measurements inside absorbers, a muon station should consist of a sandwich of
expected for bremsuahltmg effects. One first conclusion is that for an LHC experiment aiming
the occurances are uncorrelated from plane to plane) and increases with muon momentum, as
12 as a function of the muon momentum. The probability is large (about 20% per plane, but
will fall outside the curves shown in Fig. ll. The probability of this occuring is plotted in Fig.
distribution will be wider. When this has occured the ratios Qian / Qmrddrc and Qmrrr / Qmradrc
muon bremstrahlung, there will be two charge distributions which will add and the resulting
curves shown [5]. lf the muon track is accompanied by an electromagnetic shower created by
Because of the well-defined charge distribution over the strips, all points should be within the
Qmgddre and Qygght. Fig. ll shows the ratio Qld; / Qmiddrc plotted versus Qngm / Qmiddrc.
Usually the induced charge is distributed among three neighbouring strips: Qian,
width is about 80 ttm. The large tails are caused by scattering with catastrophic energy losses .
typical distribution of Dn is shown in Fig. 9. The spatial resolution derived from the peak
Here the track displacement is determined by a lever arm of only 40 - 80 mm. A
Dn = l(Xn-l + Xrrir) / 2] - Xn
to evaluate the chamber spatial resolution of chamber n we computed the difference:
residuals is about 500 ttm, which is dominated by multiple scattering of the muons. ln order
GeV/c momentum, the alignment of the chambers can be determined (Fig. 8). The RMS of the
The residuals were recorded for each individual monolayer. Using only 600 events of 200
position was calculated [5] for the remaining monolayers and a u·ack fitted through the hits.
to the one carrying the largest signal, the data from the monolayer was omitted. The hit
second largest and third largest were searched for and if they were not from the strips adjacent
follows. The largest signal on the strips for a particular monolayer was searched for. Then the
trip reaglgut performance. Track reconstruction from the strips data was done as
cells.
agreement with Monte Carlo simulation, the inefficiency is due to the dead zone between two
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time resolution [8]. The particular shape of the tube around the anode (+3kV) together with
The tube are optimized to obtain a maximum drift length with an almost linear space
tilled with a 60:40 ethanezargon mixture.
measured in two orthogonal projections with four planes per projection. The chambers were
the tubes of a double plane are staggered. Thus a tr·ack of a muon candidate in a module is
cells are arranged in two orthogonal double planes. In order to resolve left·right ambiguities
extruded aluminium tubes, each comprising a drift cell.·Within a chamber the 15 cm wide
A section of a muon module is shown in Fig. 15. The chambers are composed of
area is essential for the study of punch through.
hadronic showers can indeed cover the whole area of the chambers. Therefore such a large
showers even at large distances from the beam axis. First analysis of the data shows that the
large area muon chambers provide a measurement of the spatial distribution of hadronic
chambers mounted 60 cm apart to provide a good determination of the muon direction. The
in one of the uigger stations. They covers an area of 315 x 375 cm2 and consists of two
accuracy we used three muon modules from the UA1 experiment [8,9]. Each module is used
In order to measure the trajectories of the muons in the RDS spectrometer with high
The muon drift charrbers
magnet is a closed iron circuit operated near saturation.
and gives about 1.5 T in the 27.7 m long (outside perimeter) iron circuit. Thus the absorber
surround the iron circuit. Their combined magnetization force is thus 2.4 105 Ampere-tums
pump. The two coils are used in parallel magnetically since their width is not sufficient to
has 240 turns and can run at the nominal current of 10()0 A when fed by a water booster
power supply, control system and ancillary equipment are at hand in the hall EI-[Nl. Each coil
magnet in EHS, have been chosen as excitation coils for economy reasons as all the necessary
The 2 coils of the former dipole magnet M2, which was used as second bending
been dimensioned to accept a muon trigger station.
insert Resistive Plate Chambers. The 0.9 x 4.8 mz inner area enclosed by the iron circuit has
from the UA1 experiment (Fig. 14). Two 8.75 cm slits are provided in the upstream section to
closed magnetic circuit [7], 1.8 to 2 m thick made up of 200 mm thick steel plates recuperated
The absorber magnet has been designed as a 1.5 Tesla iron magnet constructed as a
The absorber magnet
This causes changes in the time-space relation.
Wires in non-planar chamber are not at centre causing deviations from radial electric field.
sufficiently stiff: some of them got bent by the gas pressure, others suffered during transport.
chambers can be explained by the fact that they were not all planar. The monolayers were not
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closed at the edges with a PVC frame.
the whole surface, PVC disks of 12 mm diameter are glued on the plates. The gas gap is
is a 2 mm gap between the two plates. In order to separate the plates by a fixed distance over
thickness. The plates have a volume resistivity of about 1011 S2 cm. The sensitive gas volume
16. The RPCs [10] are made from two bakelite plates of 1 x 2 mz surface and 2 mm
Each plane is made of two RPCs of dimensions 1 x 2 mz assembled as shown in Fig.
Station 2 has two y-z pairs with one measurement on either side of the drift chambers.
the muon drift chambers. There is one y-z pair in each of the two slots in the iron toroid.
projection, y. Station 1 (see Fig. 1) has four pairs with two y-z measurements before and after
pairs providing one measurement in the horizontal projection, z, and one in the vertical
plane measures 2*2 mz and has 64 read out strips of 31 mm pitch. The planes are coupled in
Sixteen planes of Resistive Plate Chambers (RPCs) were installed in 1991. Each
The resistive plate chambers
stayed stable.
showed the expected shapes. This situation was monitored over the whole run period and
display clean muon tracks in all three modules. In addition the hit, wire and time distributions
locally on cosmic and parasitic muons in the beam. From the beginning we saw at the event
After having the chambers, the read out and the control programs ready we triggered
low voltage during the run.
high voltage were monitored by program. There were no problems with the high voltage or
controlled by program. Both the low voltage for the signal preamplifierlifiers as well as the
filled with gas mixture and were tested with high voltage. During the run the high voltage was
hit, wire and time distributions as well as an event display was ready. The chambers were
corresponding to 0.35 % of all wires. At the end of July a local monitoring program including
tests were started. Only four dead wires were found. This number was reduced to two,
wires and ending at the wire pattems for each chamber. In the middle of June '91 systematic
wires and read back the response. This implied a check of the whole chain starting from the
di gitizers (MTD). Another important tool was a program to give test pulses to each of the 585
on the OS9, the other based on the MacUAl system) were developed to test the multiple time
H2 beam. In order to test and operate the chambers independently online programs (one based
and cabling were moved from the UA1 experiment to the RD5 area and were installed in the
In January 1991 the modules together with the original readout, trigger electronics
efficiency of each tube is about 99% over the whole width of the tube.
of beam particles at RD5 (all muons were used without cuts on track quality). The detection
tls. The single point resolution is on average 400 tim for tracks with the angular distribution
52 ttm/ns constant within 3% over the whole width of the tube. The maximum drift time is 1.5
field shaping cathodes (-5kV and -7kV) at the edges of the tube guarantees a drift velocity of
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drop in efficiency at high rates does not affect the hadron punchthrough measurements, since,
efficiencies degrade only at fluxes larger than 100 Hz/cm2 [11,12]. It should be noted that the
electrodes for particle fluxes larger than 50 Hz/cm?. In the low resistivity RPCs the
significant degradation in efficiency is observed in the chambers with high resistivity
Fig. 20 shows the efficiency as a function of the muon flux in different chambers. A
the chambers in the slots of the iron magnet and in station 2 have resistivity a factor 5 larger.
electric field after a local discharge. Low resistivity chambers were placed in station 1 while
resistivity of the electrodes is an important parameter that defines the recovery time of the
Chambers with two different resistivities for the electrode plates were tested. The
the efficiency for the different chambers varies between 96% and 99%.
strips centred on the expected beam position. At low beam intensity, smaller than 10 I-12/cm2,
8 mm. The single plane efficiency was measured by requiring that a hit is found within four
distribution of the residuals from the fitted nacks. The average r.m.s space resolution is about
defined with a least square fit to a straight line in both projections. Fig. 19 shows the
RPC chambers. Signals from adjacent strips were grouped in clusters, then tracks were
was done by naclcing high momentum muons (100-31]) GeV/c) through the different planes of
The measurement of the single charuber efficiency as a function of the particle flux
fast OR signals with muons of the beam halo, was on average 96%.
The efficiency, averaged over the whole surface of the chambers, measured with the
nigger, was between 10*4 and 10*3 per plane.
resistivity of the elecnode plates. The probabilty of accidental hits, measured with a random
measured with the fast OR signals was on average 10 kHz per plane depending on the
and 4% of freon. The supply voltage was 7.1 kV. In these conditions, the single rate
The chambers have been operated with a gas mixture of 58% argon, 38% n·butane
in the VME crate, the data are sent to the data acquisition system via optical fiber.
by the scintillator hodoscope trigger. When the experiment nigger arrives to the input register
signals from the individual strips are 100 ns long and are read out with VME registers strobed __
signal made with the wired OR from the discriminator outputs of the 64 strips. The digital
The frontend electronics is shown in Fig. 18. Each plane provides a fast nigger
Fig. 17.
attenuation of pulses from the induction point to the end. A section of the chamber is shown in
electronics. The propagation time of the transmission line is about 5 ns/m and there is no
thick. Each strip is terminated on 50 Q on either end and one side is connected to the frontend
mm pitch. The snip plane is separated from the outer ground shield with a foam plate 10 mm
The read out electrode is segmented into thin aluminum strips of 29 mm width and 31
voltage electrodes.
field. A thin foil of PVC is glued on the graphite surface to provide isolation of the high
of the discharge pulse, are connected to the high voltage power supply to produce the elecu·ic
surface resistivity of = 100 kfl. The two graphite electrodes, transparent to the fast component
The outer surface of the resistive plates are coated with a graphite solution with a
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3. DATA ANALYSIS
hexidecimal dump or could be displayed graphically in an interactive event display.
trigger, or in the detector and its readout. Individual events were available in the form of a
detector element enabled rapid and detailed diagnosis of problems, either in the beam, or in the
memory, and capable of processing about 100 events per spill. Histograms filled for each
An online monitoring system was run on another MacHfx, accessing the data in VME
tape buffer.
ZEBRA-formatter that retrieves data from VME. The formatters output ends up directly in the
interspill time. After having checked all pointers to be valid data, the event builder invokes the
routines run on a MacHfx. The event builder itself is allowed to consume about 80% of the
readout control, user interface, tape drive control, monitoring control and logging. These
The event builder is embedded in a set of routines that take care of event tagging,
withdraw all good events from the VME-memory.
data available in VME provides a set of pointers that finally allows the ZEBRA-formatter to
an event into one block that can be digested by a ZEBRA·forrnatter. A checkup procedure on
events. In the interspill time an event builder program assembles all pieces of data belonging to
Data from each spill need to be collected into a serious of single data strings - i.e.
average a few hundred events per spill are put into a bank of VME-memories (Fig. 22).
The acquisition takes care of matching the tive different front ends with VME. ln
with only a single front end make sure that data get transferred safely at the required speed.
was decided to use a data s¤·ucture common to all detector parts. Dedicated CPU's in phase
A readout time in the order of a millisecond was envisaged for all detector parts. It
links as well as an SCSI-based tape drive for writing IBM-compatible cassettes.
680xx·based computers made possible an extremely economic design using MacVee-VME
software abundantly generated by the UA1-data acquisition group. The availability of fast
the RD5—collaboration to choose a data acquisition system that makes use of the knowhow and
Experience gathered in exploiting 68000·based VME-systems when running UA1 led
The data acquisition system
including the detector response reproduces the observed data well [11].
electromagnetic showers accompaining the muons. A GEANT Monte Carlo simulation
with increasing muon momentum is observed. This effect is due to the contribution of the
momenta (100 -300 GeV): the average size of clusters is 1.3. A broadening of the cluster size
Fig. 21 shows the distribution of the number of strips per cluster for high muon
the centre of the chambers was smaller than l0 Hz/cm
even at the highest intensities and at the highest energy of the pion beam, the particle flux at
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find the penetration depth of an incoming beam hadron, we use a hit pattem of all the
RPCs and also in the scintillating counter S7 placed behind the beam dump (see Fig. 1). To
information in all 32 chambers of RD5 i.e. hits in TRACAL wires. muon drift chambers,
The second method used to estimate the punchthrough probability is based on the hit
GeV/c momentum pions corrected for detector efficiency and noise.
probabilitity distributions as a function of iron depth measured for 30, 50, 100, 200 and 300
muon beam, eliminates the remaining muon contamination. Fig 26 shows the punchthrough
the angle tz, namely 0. < 3cw, where can is the rms width of the angle measured with the
muons originated in the shower is more widely spread around the beam axis. Thus a cut on
angular distribution of the halo muons peaks at small angles while the same distribution for
the angle cc between the beam axis and the track direction in the nonbending plane. The
that identifies penetrating tracks in the RPC chambers. For each of these tracks we measure
calorimeter. All the events passing the TRACAL cut are analyzed through a tracking algorithm
some contamination is still present, due to noisy events and large energy losses in the
that cutting on this variable eliminates most of the beam muons present in the pion data, but ..
multiplicity of wires hit in TRACAL for 300 GeV/c pion data is shown in Fig. 25. It is clear
To remove the muon contamination we have adopted the following strategy. The
elimination of any muon contamination in the pion beam.
kaon decays. An accurate punchthrough measurement at large absorber depths requires the
depths the penetrating particles in the shower are predominantly muons coming from pion and
longitudinal shower development scales with the average hadronic interaction length. At large
the total number of beam particles. At small depths, for a given primary energy, the
the ratio between the number of events with at least one hit in the detector at the depth x and
method is based on the definition of the total punchthrough probability at a given depth x as
We have used two independent methods to measure the punchthrough. The first
produced at the LHC.
muon triggers allowing a fast and efficient cut on the transverse momentum of muons
and without magnetic field. Reliable punchthrough data are necessary for the construction of
muons produced in hadron showers from secondary pion or kaon decays in an absorber, with
One of the aims of RD5 is to study the hadron punchtrough and the behaviour of
Punchthrough
105 pion events taken with a random trigger were written onto tape.
recorded on tape. Furthermore, for background studies a set of 3.6 104 muon events and 2.8
shown in Figs 23 and 24. In total 1.11 106 muon events and 1.48 106 pion events were
up the experiment. A muon event and a pion punchthrough event in the RD5 experiment are
addition, at the beginning of the run data with 225 GeV/c momentum muons were used to set
In both cases the beam momenta were 20, 30, 40, 50, 75, 100, 150, 200 and 300 GeV/c. In
During 1991 data was taken in three run periods with negative muon and pion beams.
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reconstructed. Preliminary angular disuibution of the particles reaching station 1 or 2. Fig. 28
etc. for the tracks within the projections as well as in space show that the tracks are well
chambers which allow a more refined punchthrough study. First distributions of hits, angles
The next step in the analysis is the reconstruction of the muon tracks in the muon drift
differences in acceptance and measuring devices (CCFR uses a Fe/Sci calorimeter of 3x3 mz).
methods is satisfactory. Small deviations from the CCFR measurements are probably due to
of method l and compared with the CCFR experiment [13]. 'I`he agreement between the two
The final punchthrough distribution is presented in Fig. 26 together with the results
veto counters upstream of the experiment in the next run.
punchthrough at the depth >20 X. To further reduce this background we will install large area
random background was reduced by factor of 2 or 3 i.e. to less than 30% of the genuine
With the help of the RPCs, having a shorter sensitive time than the muon drift chambers, this
almost uniformly disuibuted over the whole area of the muon drift chambers (315 x 375 cm2).
random triggers. We find that random particles are mainly muons parallel to the beam and
The rate of superimposed random muons can be estimated by analysing runs with
on the energy. The efficiency of this cut is of the order of 99%.
TRACAL). The exact value of ACU; was chosen by comparison with muon runs and it depends
n). We qualify as muons, events having A < Aw; and r > 25 (penetration depth longer than the
the most probable range r (defined as a value of k for which pkn is maximum for a given event
Fig. 27 shows for 30 GeV hadron triggers the two dimensional distribution A versus
A = Ek Eg hik (i - <i>k)2 where <i>k = Eg hik i / Zi hik .
on the transverse spread of the hits as:
to give more hits spread in the transverse direction. We define an "activity" variable A based
characterized by a small number of hits aligned on the muon track, while hadron showers tend
.» and RPCs (h;k=0 or 1, i is a wire or strip number, k is a chamber number). Muons are
To eliminate muons from the hadron beam we use the hit array htk in TRACAL wires
at the depth of station 2 (about 20 1).
superimposed to about 0.5% triggered events. This muon contamination starts to be dominant
10 x 10 cm2 centered on the beam line. In addition random muons from the beam halo get
pion beam used by RD5 contains 3-7% of decay muons, depending on the energy, in an area
The measurement is effected by the presence of muons in the pion beam. The H2
Pk = <pk¤>
probability Pk is then estimated by averaging over all events nz
taking into account the efficiency and the noise level of the chambers. The punchthrough
chamber, the probability pkn to obtain a given hit pattem for a given event n, is calculated,
chambers. For each possible penetration depth k, corresponding to the position of the k-th
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cm thickness. Then seven detector planes are placed at several distances d from the end wall of
Muons traverse at normal incidence an iron absorber of 80
traced till their energy is as low as 0.1 MeV.
order to get an idea of the effects to be expected. Electrons, positrons and photons have been
the meantime Monte Carlo studies using the GEANT simulation program have been started in
This problem will be investigated in detail in the RD5 data taking periods in 1992. In
additional particles enter the detector and cause the deterioration of its spacial resolution.
last few centimetres at the end of the absorber, they can emerge together with the muon. 'liiese
and positrons are absorbed in the dense matter but, when the secondaries are produced in the
fraction of their energy in electromagnetic processes [15]. The produced photons, elec¤·ons
High energy muons traversing dense matter have a significant probability to loose a
Simulation: of showers produced by muons
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effectiveness of the trigger on muon with momenta below 40 GeV/c is clearly visible.
Fig. 31 for a window width of 3 strips, corresponding to a momentum cut of 40 GeV/c. The
The efficiency of this trigger algorithm as a function of the muon momentum is presented in
momenta over a given threshold, the threshold being the value defined by the window size.
direction with this plane. A hit found in such a window selects candidate muons with
width is opened on the second plane centered on the intersection of the incoming muon
available muon data [14]. For each strip hit on the first plane of station 2 a window of given
A possible trigger scheme for a toroidal spectrometer has also been tested using the
of the RPCs.
achieved in the "toroidal" configuration of the RD5 set·up, given the 3 cm strip digital read-out
function of the muon momentum. It is clear that momentum cuts up to S0 GeV/c can be easily
The fraction of tracks rejected by different angular cuts is given in Fig. 30 as a
RPC planes of station 2 (81 cm lever atm).
muon entrance and exit angles were obtained using the known beam direction and the two `
where the muon angular deflection at 40 GeV/c and 300 GeV/c momentum are compared. The
The bending effect of the absorber magnet Bx]. = 2.7 Tm is shown in Fig. 29,
Muon trigger study
developement.
algorithms aimed at better handling of ambiguities in the case of multiple hits is also under
track reconstruction in stations l and 2 is in progress. An improvement of the reconstruction
distribution is obtained in station 2. An estimation of the punchthrough probability based on
for LHC. It was measured by using the muon drift chambers in station l. A similar
station 1. This distribution is relevant for designing a muon nigger based on pointing tracks
shows the distribution of the smallest angle alpha of all tracks reconstructed at the level of
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expect to lower both figures after further analysis. The major problem encountered was the
of 80 um was obtained for the su·ips. The corresponding figure for the wires is 350 um. We
preampliiiers can be calibrated to better than 0.5% using a precision cable. A spatial resolution
produced rapidly. Foils with accurately defined strips can be obtained commercially. The s¤·ip
We have shown that Honeycomb Strip Chambers can be made accurate and can be
the common data acquisition system.
can serve as a good beam defining monitor after improvement its read-out and its integration in
Results obtained during the 1991 run have shown that the silicon microstrip detector
exchange them for better devices, at least in part.
The problems encountered with the beam defining MWPC chambers obliges us to
4) CONCLUSION
filed.
Fig.33 as a function of the position of the detector with and without the presence of a magnetic
for muons of 100 GeV/c momentum and for a hit separation resolution of 2 mm is shown in
to the deflection of the low momentum secondaries. The probability of spoiled measurements
20 cm. The probability of spoiled hits is reduced by the presence of a magnetic field in air due
momentum and of the resolution in the separation of hits for the detector plane at distance d
wire. Fig. 32 shows the probability that the muon hit is spoiled as a function of the muon
depending whether the hit of the muon or of the additional particle arrives first on the sense
additional hits are closer than the separation resolution. Only one half of the hits are spoiled
with a given resolution in the separation of hits. We define the muon hit as "spoiled" when
type of detector used. We assume a gas drift detector with multiple hit read out capability and
The effect of the additional hits on the space resolution of the detector depends on the
___ one additional panicle. The result is weakly dependent upon the position of the detector.
This means that about 20% of the 100 GeV/c momentum muons are accompanied by at least
additional hits anywhere in the detector planes is 0.805, 0.115, 0.038 and 0.042 respectively.
good. For a muon of 100 GeV/c momentum, the probability to find 0, 1, 2 or more than 2
The results are shown in Table I.The agreement between simulated and measured data is
the simulation programme with that measured with the NA4 muon toroidal spectrometer [16].
Results - First we compare the disuibution of the multiplicity of hits produced with
more important than the bending power in the iron.
iron absorber is magnetized (B = 1.8 T) or not: the effect of multiple coulomb scattering being
air, with a magnetic field of 1.8 T only in the iron. No significant difference is found when the
hit has been studied in three cases: without magnetic field, with a magnetic field of 0.5 T in
separation between two hits. The effect of additional particles on the identification of the muon
with full detection efficiency and no limits on the space resolution and on the capability of
the absorber, d = 0.5, 1, 2, 5, 10, 20 and 40 cm. These detector planes are "ideal" detectors
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will be tested as shower absorber.
Some steel absorbers will be removed and various materials (graphite, plaster etc. )
absorbers.
about muons passing TRACAL. 16 monolayers of the same size will also be tested with
an important test for the chamber performance but will also provide additional information
3.25 mz) and their read out systems. We will add these to the RD5 set up; this will not only be
We are now constructing two large honeycomb strip chambers (32 layers each, 1 x
resolution.
operate the chambers with gases like DME, CF4 and Xe, in order to improve the timing
the calorimeter. For the 1992 runs we plan to equip all the TRACAL strips. We would like to
chamber. Due to the magnetic field of the EHS magnet, we need to extend the sensitive area of
Conceming the TRACAL only 48 out of the 192 strips were read out for each
module.
readout system for Ul and U3 could be kept provided we Gnd a good R.M.H. Sytem Encoder
U3 could be opened and repaired to tix the gas leakage and the third plane problems. The
chamber (used as U2 for NA36 experiment) could be tested to replace U3. As an altemative
conclusion that at least the W2 chamber together with its readout should be replaced. A spare
Repeated difficulties with the MWPC chambers and the readout system lead us to the
enough responce time.
punchthrough trigger. In both cases these counters can be RPCs because they have fast
A larger S6 counter should be installed, which can be used to build an efficient
over the whole area covered by the muon chambers, thus possibly faking pion punchthrough.
4 x 4 mz because the beam halo background has a sizable 1·ate and is uniformly distributed
Changes to the detector
5) PROGRAM FOR 1992
behaved in the same way in RD5.
The muon drift chambers used in RD5 run successfully in the UA1 experiment and
that selects momentum muons looks a very promising solution for experiments at the LHC.
experiment they operated well. The implementation of fast tracking trigger made with RPCs
and installed in few days. They proved to be robust and reliable and after installation in the
The Resistive Plate Chambers of RD5 were constructed in a few months and tested
absorbers.
bent chambers can held flat by using foam shims between the chambers and the steel
always consist of at least four active layers and two layers added for shielding reasons. The
lack of stiffness of the chambers. This is no problem for future chambers since they will
Page I6 OCR Output
magnet.
can be also tested as well as punchthrough and muon momentum measurement in the absorber
with analog read out and some new types of RPCs. With these detectors new trigger schemes
detection at LHC: new large HSCs, wall-less drift chambers, Parallel Plate Chambers. RPCs
In the last period we intend to ICSI new types of chambers designed for muon
the silicon microstrip detector as well.
studied in various TRACAL absorbers. Dedicated runs to study these effects are forseen using
The problem of confusion arising from radiation of high momentum muons will be
low intensity this requires a relatively long running time.
to collect muon data of low momenta (down to 10 GeV/c and less, if possible). Because of
Efficiency of various muon triggers will be further studied. For this aim it is crucial
the TRACAL absorber thickness will be undertaken.
some data with kaons and protons for comparison. Special studies on punchthrough varying
shower behaviour and punchthrough due to pion charge exchange. It is also forseen to take
data with positive particles (at some momenta only) in order to see the difference in hadron
We need to collect more data to finish punchthrough measurements. We are also intend to take
During the first two periods we would like to continue the program started in 1991.
survey measurements where zero field in the whole RDS detector is desired.
data at intermediate and zero Held. The absorber magnet will always be powered except for
plan to take most of the hadron and muon data with the EHS magnet at 3 Tesla field and some
It is our intention to take data in 1992 during three periods of two weeks each. We
Running strateg
will be tested with the aim of creating a fast trigger and a to determination.
rate capability of about 10cms·l and a fast signal response, better than 10 ns [15]. They8 ‘2
are single gap chambers with planar electrodes working in proportional mode, having a high
A system of parallel plate chambers (900 cm2 in total) will also be mounted. These
squared pads and working as a to measuring chamber.
line drivers is aimed at. The chamber will be coupled with an RPC of equal size readout with
Depending on availability of resources use of small and fully integrated preamplifierliiiers and
layers, 75 x 100 cm2), will be installed and tested, probably replacing the W2 chamber.
A new type of drift chamber, the wall-less drift chamber (4 horizontal and 6 vertical
will be tested to study the space resolution of the detectors.
penetrating muons. RPCs equiped with an analog read out of the charge induced on the strips
original proposal. A trigger based on the prompt FAST OR signals will be used to select
We plan to install additional RPCs in station 2 and in station 3 as foreseen in the
been tested passively in 1991 and will be added to the nigger system in 1992.
A TRACAL trigger which decreases the muon contamination in the pion beam has
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Warsaw New RPCs 30
HEPHY RD5 Data acquisition 50
UCR UA1 muon chambers 38
UCLA UA1 muon chambers 10
Roma II New RPCs 30
Roma I New RPCS 50
Padova Electronics for HSCs 35
NIKHEF-H 2 large HSCs and 16 large monolayers 200
Parallel plate chamber 25
Madrid Parallel plate chamber 50
Helsinki 70Si -us¤ip detector
Firenze Parallel plate chambers 30
CERN EHS magnet, RD5 running 265
Budapest 50Beam detectors including Si-usuip det.
Aachen Wall-less drift chamber 30
Institute Responsability Financial contr.
Table II. Reponsabilities and 1992 budget (in 1cSFrs.)
0.51.1 1.5 2.00.8
2.7 2.02.32.01.8
l0.09.1 10.1 I 10.5 I ll.3
88.3 86.8 I 85.7 I 84.0 I 87.5
GeV
d =2 Cm d=2 cm |d=5 cm |d=5cm IEp.=20·l6Oclusters
# additional IEH = 50 GeV| Eu= 100 GeV| Ep = 50 GeV I Eu = 100 GcV| NA4 exp. [Z]
Table I. Number of additional clusters
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Note the reduction of the tails. The spatial resolution is about 80 tim.
Fig. 13. Same as Fig.9 but events in the 'bad region' of Fig. ll were dropped.
Fig. 12. Probability to have a wrong measurement of the muon track position.
wider and the event will be projected in the upper-left region of the plot.
on signals due to bremstrahlung products, the effective charge distribution will be
projected between the drawn curves. If the muon charge signals are superimposed
Fig. 11. The ratio QM!/Qmiddlc plotted versus Qdgm/Qmiddlc. Pure muon events are
electric field.
can be explaned by the bending of some chambers which causes deviations in the
Fig. 10. Drift time spectra for four typical monolayers. Note the differences: they
scattering with catastrophic energy losses.
Fig. 9. Spectrum of residuals of 'sandwich' method. The large tails are due to
of the chamber.
dominated by multiple scattering. The peak position is determined by the alignment
Fig. 8. Typical residual spectrum of a monolayer. The width of the peak is
corresponding box.
plotted vertically. The charge from a strip is proportional to the size of its
horizontally, while the 48 read out strips in the centre region of the chamber are
Fig. 7. Typical 300 GeV/c muon event. The 25 monolayers are represented
steel absorbers with honeycomb snip chambers in between.
Perspective view of the TRACAL detector. It consists of an array of stainlessFig. 6.
Distribution of the residuals fmm the microscrip detector.Fig. 5.
Hit map of a Silicon microstrip detector.Fig. 4.
Measured pulse height specuum of one Silicon detector.Fig. 3
Beam rest set up ofthe Silicon microstrip detectors.Fig. 2.
Fig. l. Schematic view of the RDS experiment.
FIGURE CAPTIONS
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40, 50 GeV/c momentum cuts, as a function of the muon momentum.
Fig. 30. Fraction of tracks rejected by different angular cuts, corresponding to 30,
Fig. 29. Angular deflection in the absorber magnet for 40 and 300 GeV/c muons.
for 30 and 300 GeV/c particles.
Fig. 28. Distribution of the smallest angle tx of all tracks reconstructed at station 1
Fig. 27. The "activity" A versus the particle range r for 30 GeV/c pion data.
traversed for different pion momenta.
Fig. 26. Punchthrough probability distributions as a function of the iron depth
Fig. 25. Multiplicity of wires hit in TRACAL for 300 GeV/c pion data.
Fig. 24. A 300 GeV/c pion in the RD5 experiment.
Fig. 23. A 300 GeV/c muon in the RD5 experiment
Fig. 22. Scheme of the RD5 data acquisition.
muons.
Fig. 21. Probability distribution of the number of strips per cluster for high energy
station l, b) chambers in AM slots and in station 2.
RPC chamber efficiency as a function of the muon rate: a) chambers in _Fig 20.
19.Fig Disuibution of the residuals from fitted u·acks in the RPC chambers.
Fig 18. Front end electronics of the RPC chambers.
Section of a RPC chamber.Fig· 17.
16. Schematic view of two RPC planes.Fig
15.Fig Schematic view of a muon drift chamber module.
14. Gcncral dimensions of thc AM magncLFig
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(squares).
plane from the end of the iron absorber. B = 0 in air (circles) and B = 0.5 T in air
Fig. 33. Probability of spoiled muon hits as a function of the distance of the detector
mm (squares) and l0 mm (circles)
in air, b) B = 0.5 T in air. The resolution on the hit separation is 2 mm (ovals), 5
Fig. 32. Probability of spoiled muon hits as a function of the muon energy, a) B = 0
momentum cut of 40 GeV/c.
Fig. 31. Efficiency of trigger algorithm as a function of the muon momentum for a
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